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(71) We, DEUTSCHE GOLD-UND 
SILBER-SCHEIDEANSTALT VORMALS 
ROESSLER, a body corporate organised 
under the Laws of Germany of 9, Weiss- 
frauenstrasse, Frankfurt(Main), Germany, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to the production of 
polymeric hydroxycarboxyiic adds contain— 
ing a certain number of carboxyi or carboxyi- 
ate groups on the one hand and hydroxy! 
groups on the other famd 

It is known mat acrolein can be poly- 
merised with the aid of free-radical catalysts 
to give C — C — polymers only interrupted to a 
limited extent by acetal bonds (Makromo- 
lekulare Chemie 53 (1962) pages 145 et sea; 
100 (1967), page 208). 

It is also known that acrolein can be poly- 
merised optionally in the presence of a mono- 
melic vinyl compound in the presence of a 
catalyst and in the presence of H a O s in 
larger than catalytic quantities, resulting in 
the formation of polymers qmmfnfng car- 
boxyi groups (German Patent Specification 
1,071339). Polymers of this kind are suitable 
for the production of plastics and lacquers. 

It is also known mat pofyacrcdein can be 
reacted with formaldehyde in the presence of 
a strong base to give products which, in 
a ddit i o n to the carboxyi groups, mainly con- 
tain alcohol groups (Makrinnolekmane Chemie 
67 (1963) pages 186 et seq; Belgian Patent 
Specification 611,797). 

The present invention relates to a process 
for the production of solid linear or cross- 
linked polymers containing carboxyi or car- 
boxylate groups and hydroxy! groups and 
optionaHy smaller numbers of lateral vinyl 

[Price 2Sp) 



or carbonyl groups, Le, vinyl or carbonyl 
©roups which are not situated in the main 
cham but project laterally therefrom, and, 
m the main chain, at least 75 mole per cent 
C—C bonds. The polymers are distinguished 
by the fact that they are composed pre- 
dominantly of units of the general formulae: 



45 



and 



and/or 
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and optionally a number smaller than the 
sum of the numbers of units (D, (II) and 
(HI) of units of the general formula: 



55 



Krt} 



m which 
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A represents a lrydrogen atom, a monovalent 
metal, preferably an alkaK metal, more 
preferably sodium, a valence of a poly- 
valent metal, or ammonium, 

5 R 2 and R 1 , which may be the same or dif- 
ferent, represent an aftyl group with from 
. 1 6 carbon atoms, preferably a methyl 
group, or a hydrogen atom, in addition to 
which R 1 may represent a halogen atom, 

Id preferably a chlorine atom; 

the units (I), (EE), (HI) and (IV) being 
arranged in any order, the average frequency 
of the units (I)> (II), (HQ ffV) which, 
even in the absence of units (II), (TU) and/or 
15 (IV), corresponds to a number ratio of car- 
boxyi or carboxyiate groups to hydroxy! 
groups of from LI to 16, preferably from 

2 to 9, and the polymers having a degree 
of polymerisation of at least 3, prefe rably 

20 from 3 to 5000 and more preferably from 

3 to 600. m «, 
The process according to the mvenuon 

comprises subjecting acrolein to an oxidising 
polymerisation either alone or together with 

25 one or more co-monomers and subjecting 
the homo- or co-polymer formed to a 
Gumizzaro reaction with a strong base, pre- 
ferably an alkali metal hydroxide. 
The polymers produced according to the 

30 invention may be used with advantage as 
complex formers" as is described in our 
co-pending application No. 4556/70 (Serial 
No. 1296412). They have the advantage over 
conventional complex formers -which are usu- 

35 ally compounds containing nitrogen, phos- 
phorus or sulphur, that they do not create 
any problems in regard to e ffluent control, 
nor do they promote corrosion. They have 
the advantage over the polymers described in 

40 the Belgian Patent Specification referred to 
above that they form several times more 
stable complexes with metal ions, the com- 
plexes thus formed being much more readily 
soluble and also stable over a much wider 

45 pH range. * " ~ 

In the process according to the invention 
the polymers are prepared by, polymerising 
acrolein under ngMishiff c o n diti ons and then 
treating the polymer with a strong base, pre- 

50 ferabiy with an alkali metal hydroxide to per- 
form the Camrizzaro reaction. In an alterna- 
tive and less prefe rred embodiment, treat- 
ment with the strong base may -also be 
accornpanied by condensation with formalde- 

55 hyde, in which case polymers are obtained 
which additionally contain units of the 
general formulae: 



ch 2 oh 
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(SO 
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and 



in a number smaller than die sum of the 
number of units (I), (II), (HI) and (IV). 

In either case, however, the polymerisation 
and reaction conditions and especially the 
quantity in which the oxidising agent is used 03 
must be selected in such a way that die 
requisite ratio of carboxyi or carboxyiate 
groups to the hydroxy! groups in the end 
product and die minimum degree of poly- 
merisation 3 are maintained. Preferably the 70 
reaction conditions, especially the quantity of 
rwrfHismg a gent are selected in such a way as 
to produce polymers with an average degree 
of polymerisation of from 3 to 5000, more 
preferably 3 to 600, and a ratio of carboxyi 75 
or carboxyiate groups to hydroxyl groups of 
from 2 to 9. 

Peroxides of per acids may be used as 
lyrtdimg agents, oxidation with H 2 0 3 being 
preferred. In polymerisation under oxidising **) 
conditions, the ratio of carboxyi groups to 
carbonyi groups can be adjusted in depend- 
ence upon die ratio between the quantity of 
oxidising agent and die quantity of acrolein. 
The greater this ratio, the larger will be o:> 
the number of carboxyi groups present in 
the polymer and vice versa. Since die 
peroxidic compound also acts as a regulator, 
die degree of polymerisation is also governed 
by the quantities in which this compound is 90 
used. The degree of polymerisation decreases 
with increasing quantity of oxi d ising agent 
and vice versa. For example, an average 
degree of polymerisation of 3.2 and a 
COOH/CO ratio of 5: 1 are obtained for an 95 
H.O- : acrolein molar ratio of 1 : 1. In by con- 
trast'a molar ratio of OJ: 1 is applied under 
otherwise the same conditions, these figures 
become 13 and 32:1, respectively. 

Polymerisation of the acrolein under oxidis- iw 
ing conditions may also be carried out in 
the presence of other copofymerisable mono- 
mers in almost any quantities. It is of par- 
ticular advantage to use acrylic acid because 
it is possible in this way directly to influence 105 
the carboxyi group content of die polymer. 
In addition, the presence of acrylic acid in 
the starting mixture affects the degree of 
polymerisation in the sense that it increases 
with increasing acrylic acid content. HO 

Examples of other copolymerisable mono- 
mers include alxyl acrylic acids, halogen- 
substituted acrylic acids, unsaturated poty- 
carboxyiic acids, especially maleic add, and 
their derivatives such as esters and mtrfles, 115 
also vinyl alcohol derivatives, allyl alcohols 
and derivatives thereof. 

Depending upon the required carboxyi 



group content of the polymer, homopolymeri- 
sation or co-polymerisation of the acrolein 
may be carried out either as solution poly- 
merisation or as precipitation polymerisation, 
5 preferably in aqueous medium. In cases 
wh ere peroxidic compounds arc used as 
oxidising agents, it is advisable initially to 
introduce these compounds and optionally the 
comonomer or a part thereof into aqueous 

10 solution or suspension and then to add the 
acrolein optionally together with the residual 
comonomer, advantageously at elevated tem- 
peratures of, for example, from 50 to 100°G 

. In the case of solution polymerisation, the 

15 polymers obtained may be directly used for 
farther reaction, optionally after the solu- 
tion has been concentrated. In this case, it is 
often favourable to destroy any residues of 
oxidising agent still present in the solution, 

20 for example by adding small quantities of 
MnO^or active carbon. It is also possible, 
however, to precipitate the solution polymer 
from the reaction mixture with the aid of a 
dilute acid, for example hydrochloric add 

25 Residual monomers may be directly recovered 
from the reaction mixture, for example by 
distillation. In this case, the distillation resi- 
due is in the form of a highly concentrated 
aqueous solution of the polymer which may 

30 be used for further reaction. However, it is 
also possible to continue distillation to dry- 
ness in which case the pure polymer is 
obtained in solid form. In cases where poly- 
merisation is carried out as precipitation poly- 

35 mensation, the polymers may readily be sepa- 
rated by filtration. In this case, the residual 
monomers are present in the filtrate and can 
be used in this form. The precipitation poly- 
mers may be further purified with water, 

40 optionally with air bubbled through it. 

The poryaldehydo carboxyiic acids thus 
obtaining can be further reacted with a strong 
base, optionally in the presence of formalde- 
hyde, in aqueous solution or suspension. The 

45 formaldehyde may be used in substantially 
stachiometric quantities relative to the alde- 
hyde groups present in the potymer, and 
stirred for a prolonged period at room tem- 
perature or at elevated temperatures of no 

50 to 100°C After only 2 hours, the conversion 

JL* 3 Wn^, 60 to 70% > riskS to between 
90 and 100% over a period of 24 hours. 
Under suitable conditions, the Cannizzaro 
reaction can, of course, also be carried out 

55 much more quickly, as applicable in reticu- 
lar to the reaction on the water-soluble poly- 
aMehydo carboxyhc acids. Where the reaction 
is earned out in solution, solutions are 
obtained which, in addition to the salts of 

60 the poiyhydroxy carboxyiic adds, contain an 
excess of alkali. They can be concentrated by 
evaporation to dryness. The salt obtained 
nay be directly used as a complex former. 
The salts can be obtained in a particularly 

65 pore form by predpitating them from the 



reaction mixture, for example with methanol 
It is also possible, however, to neutralise the 
solution before it is concentrated with a dilute 
aod, for example hydrochloric add, or alter- 
natively, to precipitate the free acid. Simi- 70 
lariy, the Cannizzaro reaction may be dis- 
placed in such a way that ultimately sub- 
stantially neutral salt solutions are obtained 
by measuring addition of the alkali in such 
a way that the excess of alkali gradually 75 
decreases as the reaction progresses, just 
reaching zero at the end of the reaction. 

Tne excess of alkali is best only neutralised 
with adds of the kind whose salts do not 
grve rise to any problems during application 80 
of the prepared polymers. Carbon dioxide, for 
example, may be used. However, it is of 
particular advantage to carry out neutralisa- 
tion with the poiyhydroxy carboxyiic acids 
memselves in pure solid form or even directly 85 
with the reaction products from the first 
stage of the reaction, namely the polyalde- 
nydo carboxyiic acids or their solutions or 
suspension. It is possible in this way to 
obtam pure neutral solutions of the salts of 90 
toe poiyhydroxy carboxyiic adds from which 
toe acids themselves can readily be isolated 
by evaporating off die water. The poiy- 
hydroxy carboxyiic acids which may be used 
for neutralisation may be, for example, pre- 95 
apitanon polymers obtained as described 
ab 5^_ Tbcy 0311 readil y be precipitated with 
a dilute acid from the solutions obtained on 
completion of the reaction. 

The polymers produced according to the 100 
mvention contain at least 75 mol per cent 
C— C bonds in the main chain and may be 
unear or cross-linked. The polymers are pri- 
n^y^therised from the aforementioned 
units (I) and (II) or (HI). They represent the 105 
mam constituent of the main chain syn- 
toesised from at least 75 mol per cent C--C 
bonds and to some extent are formed dur- 
ing treatment of the polyaldehydrocarboxylic 
aaa m a Canmzzaro reaction. However, this 110 
treatment may also be accompanied by inter- 
molecular aidol condensations between the 
active CH groups in the ^position to the 
aWehyde groups in the poiyaldehydo car- 
m^ f/^^. C ^7 1 8 rou P*of one or 115 
more adjacent chains. This gives rise to cross- 
imkn^g. The aforementioned units fK (jt\ 
and (HI) are essential to the use of these 
polymers as complex formers. 

In cases where other comonomers are used 120 
m addition to acrolein and optionally acrylic 
aod for example malric add and/or vinyl 

Si?} ^ W are stiU present in s^nall 
mrmbers in the main chain in the polymer. 125 
They may bepresent in Quantities of up to 

2LS 4^?™^ them it is possibk to 
control J»mkhty m water and/or acidity and 
W the usefume® of the complex formers 
even m extreme pH ranges. ^ 
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In cases where the Carmizzaro reaction of 
the pojyaldehyda carboxylic acids with a 
strong base is carried out in the preserve of 
formaldehyde, the units (V) and (VI) are 
5 developed. The degree of crosdintang can be 
controlled in dependence upon the qnarmty 
of aldehyde usecL 

Although the polyaldehydo carboxylic aads 
are prepared by the radical polymerisation 
10 of acrolein, units corresponding to the for- 
mula: 



may still be present in the mam chains m 
* small quantities of up to 25 mol / 0 . m 

15 addition, small numbers of unchanged car- 
bonyl groups may optionally be present m 
the end turner. However, neither group ^is 
of any significance to the acmty of the 
polymers as complex: formers. Nor are the 

20 terminal groups present in the polymer, 
developed in dependence upon the reaction 
conditions and the reaction medium, of any 
significance in this respect. In cases where 
acrolein and H 2 O t are used as starting 

25 materials, one of the two terminal groups 
is always a hydroxy! group. In other cases, 
the terminal groups may be m the form or 
COH-^ CH a OH-> COOH— or 
CH S =CH— groups or hydrogen atoms and 

30 residues of the catalyst used. . 

The polymers prepared according to me 



invention have a minimum degree of poly- 
merisation of 3. The upper limit is ^rposed 
solely by the purpose for which it is intended, 
to use the polymers. For example, poiymen- » 
sation degrees of around 5000 are possible. 

As already mentioned, the polymers pro- 
duced according to the invention may be used 
as complex formers in the broadest sense. 
They may be used anywhere where trace w 
amounts of metals are undesirable, such as, 
for example, in detergents, rinsing agents, 
washing auxiliaries and cleaning agents, in 
the bleaching of wood and textiles, m the 
production of textiles and paper, in the pre- 
paration of pharmaceutical compositions and 
foodstufrs, in polymer chemistry, in metal 
working and processing and, in particular, m 
electrolysis baths. 

The invention is illustrated by the follow- ^ 
ing Examples. The Hampshire test quoted in 
the Examples is described in a handout 
published by Hampshire Chemical Corpora- 
tion in June 1960, entitled "Hampshire NTA 
Technical Bulletin", Appendix, page A2. ^ 
According to this publication, exactly 2 g of 
powdered complex former is dissolved in 50 
ml of distilled water, neutralised, in 10 ml 
of a 2% sodium carbonate solution added, the 
pH value adjusted to between 11 and 12 w 
and the solution diluted to 100 mi It is then 
titrated with a calcium acetate solution con- 
taining 44.1 g of calcium acetate manohydrate 
per litre, until a distinct, permanent haze 
appears. The calcium carbonate binding capa- 
city of the complex former may be calculated 
in accordance with the equation: 



ml of calcium acetate solution X 25 
weighed portion of complex former 



=mg of bound CaCO,/g of complex former 



The residual Hampshire value of the com- 
70 plex formers determined in this way is also 
: a certain measure of the activity of these 
products as builders in detergents. 

The complex stabilities quoted m the 
Examples were determined as follows: 



75 



80 



1. Determination of complex stability with 
Ca 4 *: The concentration of free 
Ca~ in the complex forming equili- 
brium was measured by way of a com- 
plex between Ca*+ and the metal indi- 
cator dye ^ocbromschwarz T 9 , the 
complex stability constant being denned 
in accordance with: 



carboxylic acids. The measurements were 
taken in an 

NH«OH— NHiQ-buffered 

solution at pH 10. ^ 
2. Determination of complex stability with 5W 
Fe 444 : By measuring the solubility pro- 
duct of Fe(OH), in amrnoninral solution 
at pH 11, the complex stability con- 
stant being denned in accordance with: 



K s ti 



[FePOO 4 ] 
[Fe—HPQC-] 



95 



KftUb — 



[CaPODC] 



[Ca"][PODO-] 



PODC" represents the anions of the complex 
85 formers taken as being polymeric hydroxy 



POO representing the anions of the 
complex formers taken as being poly- 
meric hydroxy mcnocarboxyiic acids. 
3. Determination of complex stability with 
Mn* 4 , Or", Ag+: The metal ion con- 1W 
centration still free in the complex equi- 
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librium was measured by electron spin- 
resonance measurements; in the case of 
Ag* by displacing the equilibrium of 
complex formation with Mn 4 * through 
the Ag* ions that cannot be detected 
in the paramagnetic spin-resonance, the 
equihTmum constants being defined in 
accordance with: 



^Stab" 



[AinPODC] 



10 



stab 



[Mn~] [PODO-] 
[CuPODC] 



stab 



[Cu^][PQDO-] 
[AgPODC] 



[Ar][PODOi 

PODO" being as defined in 1. 

The percentage carboxyl and hydroxy! con- 
tents quoted relate to the number of COOH 

15 and OH — groups per 100 monomer units 
(Le. Cj-units in the chain) of the polymer 
molecule. All other percentages in the 
Example are by weight unless otherwise 
stated. 

20 Example 1 

a) 520 ml of distilled water and 260 ml 
of 30% hydrogen peroxide are heated to 
60°Q 400 ml of freshly distilled acrolein 
are run in dropwise over a period of 25 

25 hours at upwards of 50°C White flaky poly- 
mer is precipitated during this period. After 
the acrolein has been added, the mixture is 
stirred for another 2 hours at 60°C under 
a gentle reflux which finally ceases altogether. 

30 It is then diluted with 500 ml of distilled 
water and, after another hour at 60°C, with 
. mother 500 ml of distilled water. The reac- 
tion mixture is left to cool and, after stand- 
ing for a few hours, is filtered off, the pre- 

35 cipitate washed free of odour with distilled 
water and dried in vacua at 50°C over 
NaOH. 186 g of potyaldehydo carboxyHc 
acid with an average molecular weight 
M=7500 are obtained; degree of polymeris- 

40 ation P approximately 120; carboxyl content 
44%; carbonyi content 27%. 

b) 100 g of the polyaldehydo carboxyiic 
acid prepared in accordance with Example 
la) are suspended in 400 ml of distilled 

45 water, followed by the addition of 100 ml 
of a 40% fonnaldehyde solution. 125 ml of 
. a 40% NaOH are run into this mixture 
while stirring over a period of 40 minutes. 
10 M i nutes after the beginning of the NaOH 

50 aririin'nTL, the reaction mixture N*™mpg highly 
viscous and is diluted with 400 ml of dis- 
tilled water. The addition of 60 ml of the 
prescribed quantity of NaOH produces a con- 



siderable reduction in viscosity. A clear thinly 
liquid pale yellow solution is obtained. After 55 
standing for a few hours, the product is 
precipitated by running it in to 280 ml of a 
20% HQL The product is allowed to settle 
for 15 minutes, decanted off from the deposit 
and the deposit washed with distilled water. 60 
After predrymg, pre-grinding, washing and 
drying to completion, 66 g of a polyhydroxy 
carboxyiic add with a carboxyl content of 
58% and a hydroxyl content of 31% are 
obtained. ' 55 

c) 3 g of the polyhydroxycarboxyhc add 
prepared in accordance with Example lb) 
are suspended in 120 ml of distilled water, 
after which 15 ml of IN sodium hydroxide 

are run in with stirring. A pH check carried 70 
out after 15 minutes shows a value of 7. The 
product is filtered off from any undissolved 
components and evaporated to dryness, giving 
3.5 g of a polyhydroxycarboxyhc add-Na 
salt whose complex stability with Ca++ is 75 
characterised by 1 g K.^034 (measured 
at an ion strength 1=0.23 mol I- 1 ! The 
product binds 300 mg of CaCO s per gram 
of complex former (Hampshire test). 

d) A poryhydroxycarboxyiic add solution 80 
prepared in accordance with Example lb) and 
neutralised to pH 7 with 20% hydrochloric 
acid is evaporated to dryness, giving approxi- 
mately 150 g of a salt mixture of which 
about 85% consists of polyhydroxy carboxyiic 85 
add-Na salt and 15% of NaCL The stabi- 
lity constant of the complex of this salt mix- 
ture (calculated for 100% of polyhydroxy- 
carboxylic add-Na salt) amounts to 1 

lg Ktttab—1.90 with Ca 4 * (at an ion strength 90 
1=0.24 mol I" 1 ). The Hampshire value is 
325. 

Example 2 
.The polymerisation under oxidising condi- 
tions of <r-ethylacroiein as in the preceding 95 
Example .again gives a pofyaldehydo car- 
boxyiic add which can be directly converted 
by a subsequent Cannizzaro reaction in an 
aqueous suspension with alkali metal 
hydroxide into the complex former in the 100 
form of a polyhydroxycarboxylic add salt 
with a COOH content of 50% and an OH 
content of 21%. The product shows, for 
example, a complex stability of the complexes 
with Ca+* characterised by: lg K.^2.55 105 
(measured at an ion strength 1=0.24 mol 

The Hampshire value is 180; the complex 
stability of the complex with Fe**+ is charac- 
terised by lg Kj ab =29.6 (based on ion 110 
strength 1=1.0 mol l" 1 ); in addition the 
product shows outstanding surface active pro- 
perties. 

Example 3 

a) A mixture of 500 ml of distilled water 115 
and 500 ml of 30% H*0, is heated with a 



6 
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heating bath (60°Q to a temperature of 
300 ml of acrolein are ran in arop- 

" wise with vigorous stirring over a period °* 
4 hours under a gentle reflux, rnrochiang 

5 a rise in the reaction temperature to 65 C 
After the acrolein has been added, the mix- 
ture is stirred for another 2i hours at that 
temperature and then left to cooL After stand- 
ing for a few hours, 0.025 g of Mn0 2 are 

10 added and the reaction mixture concen- 
trated to half its volume. A higjily viscous 
dear distillation residue (A) is obtained. 
--10% of the distillation residue (A) is dried 
m vacuo for the purposes of analysis and 

15 determining the yield. 8.7 g of a pure solid 
polymer are obtained. Average molecular 
weight M=1800; degree of polymerisation 
approximately 28; carboxyl content 59 / 0 ; 
carbonyl content 21%. 

20 b) 500 ml of the distillation residue (A) 
are diluted with 500 ml of distilled water. 
This solution is added dropwise with 250 ml 
of a 40% NaOH solution to 25 0 ml of 
stirred 40% ternaldehyde. The droppmg 

25 rate is selected in such a way that the reaction 
temperature remains below 40°C 30 mimrtes 
after the addition, another 60 ml of 40% 
NaOH are added to the reacnon 
mixture. After 20 ml of NaOH 

30 have been added, the reaction sohrr^ 
changes colour from colourless to dark red- 
dish brown (pH 7.2) and, after 60 ml have 
been added, from dark reddish brown to pale 
yellow (pH 11.5), indicating the addition of 

35 the quantity of NaOH required for the reac- 

UC % After the polyhydroxycarboxyHc acid 
prepared in accordance with Example 3b) 
has been precipitated with dilute HQ, washed 

40 free from chloride residues and treated with 
the stoichiometric quantity of alkali, a com- 
plex former solution is obtained from which 
the pure solid complex former can readily 
be obtained. . 

45 The following are examples of the com- 
plex forming activity of this product: 

Complex forming with Ca~: 
lg K«ub=2JL6 (measured at ion 
strength 1=0.24 mol l' 1 ) Hampshire 
50 vame 400. 

Example 4 
a) 430 ml of a distillate of the kind 
obtained miring recovery of residual mono- 
mers (cf. Example 11) and amsistmg of 
55 approximately 7% acrylic add, 1% of acro- 
lein and 92% of water, are introduced mto a 

* reaction vessel together with 400 ml of 30% 
H-O*. 365 ml of freshly distilled acrolein 
are added dropwise to the reaction niixture 

40 at upwards of 55°C over a period of some 
5 hours during which the mixtnre is stirred 
- * and heated with a heati ng bath (6&>Cy After 

* the acrolein has been added, the mixture *s 



briefly heated to around 80°Q left to cool, 
concentrated to around half its volume and 65 
immediately used in the form of a sdunon 
of a poiyaldehydo carboxyhc aad (COOH 

content=80%, CO content 20%, P=10). 

b) 2/5 Cut. 200 ml) of the poiyaldehydo 
carboxyHc acid solution prepared in Example 70 
4a) is mixed with 272 ml of distilled water. 
175 ml of 40% concentrated NaOH are then 
run in dropwise while stirring over a period 
of 1.5 hours. After standing for a few hours, 
an- alkaline solution of a salt of a poly- 75 
hydroxycarboxylic acid is obtained, me com- 
pleted complex former solution bemg 
obtained following neutralisation with a little 
similariy prepared solid poly^d^xycar- 
boxyhc acid (for example in accordance vmfr 80 
Example 3b). The product, which can readfly 
be obtained from the complex former solu- 
tion by evaporating off the water, forms, for 
example, complexes with Ca" ions charac- 
terised by lg K**=l-9 (measured at ion 85 
strength 1=0.24 mol l' 1 ), Hampshire vahie 
325. 

Example 5 

a) 500 ml of distilled water and 125 ml 

of H s 0 8 are heated while stirring to ' 55°Cj 90 
and a mixture of 125 ml of freshly disulkd 
acrolein and 380 ml of freshly chstffled acrylic 
add added dropwise over a period of 4 
hours at upwards of 55°C After the aero- 
lein and acrylic acid have been added, the 95 
reaction rnixture sohdifies into a gel and is 
diluted with 1150 ml of distilled water. After 
standing for a few hours, the gel-like pro- 
duct is converted by drying m vacuo over 
NaOH at 75°C into a pure solid polymer. 100 
320 g of poiyaldehydo carboxyHc aad 
(COOH content 80%, carbonyl content 12 />, 

F=320) are obtained. 

b) 250 g of a poiyaldehydo carboxylic 
add of the kind obtained, for example, in 105 
accordance with Example 5a) are suspended 

in 750 ml of distilled water, the resulting 
suspension mixed with 125 ml of 40% form- 
aHehyte and then 325 ml of a 30% NaOH 
solution are added dropwise with starring 110 
over a period of some 3 hours. After stand- 
ing for a few hours, 1/5 of the mixture is 
precipitated with dilute HO, washed and 
dried in order to identify the pdyhydroxy- 
carboxylic arid formed. A product with a 115 
COOH content of 62.8% and an OH content 
of 135% is obtained. 

c) The remaining 4/5 of the mixture are 
neutralised with 8 g of solid polyhydroxy- 
carboxyhc arid obtainable, for example, by 120 
one of any of the processes described above. 

A pure aqueous complex former solution is 
obtained in this way. Pure solid complex 
former is obtained by evaporation, its activity 
being as follows: 125 
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Complex 
Formation 

With Characterised by: 

Ca+* lg K«to5=2.2 (measured at ion 
5 strength 1=0.24 moi l" 1 ) 

Fe*^ lg K8tab=31^ (measured at 
pH=12.1; based on ion strength 
1=1.0 moi l- 1 ) 
Mg"- absence of predpitability with: 
10 OH-, CO,-, P- 

Ba++ absence of precipitahility with: 

CO," oxalate-- 
La*** absence of predpitability with: 
oxalate — , CO a — , FO* 3 - 
15 GT+++ absence of predpitabiKty with: 
P<V- 

Co++ absence of precipitability with: 

OH-, co,— , fo* 3 - 

Ni*+ absence of precipitability with: 
20 P0 4 *-, OH", COr- 

Zn~ absence of predpitabiKty with: 
CO,- 

Cd 4 * absence of precipitability with: 
^ oxalate--, OH-, CO,— 
25 Tr absence of precipitability with: 
BrO,*~ 

Pb++ absence of precipitability with: 
S0 4 --, OH- in strongly alkaline 
solution also CO, — 



30 Example 6 

Following conversion in a Cannizzaro reac- 
tion accompanied by condensation with form- 
aldehyde, a polyddehydo carboxylic acid 

(P=6G0, COOH content=56%, CO con- 
35 tent=9%) obtained by copolymerisation 
under oxidising conditions of acrolein with 
acrylic acid in the presence of hydrogen 
peroxide by the methods described above 
gives a complex former in the form of a salt 
40 of a polyhytoxycarboxyric add (COOH con- 
tent=54% OH content=10%)> whose com- 
plex forming activity is characterised, for 
example, by complex forming with Co**: 
lg Katab=2.12 (measured at an ion strength 
45 1=0.24 moi l~ x ); complex forming with 
Fe+4+ : lg K sUb =29.3 (based on an ion 
strength 1=1.0 moi l" 1 ). 
Hanrpshire value 306. 



Example 7 
a) 20 g of a polyaldehydo carboxylic acid 
(COOH content=41%, CO content=9%, 

P=150) are suspended in 200 ml of distilled 
water, 20 ml of a 40% HCHO solution added 
followed by the gradual addition with stirring 
55 of 50 ml of a 40% NaOH. Another 50 ml 
of a 40% HCHO solution are then added, 
followed by stirring for 1 hour at room tem- 
perature. 18 g of poiyhydruxycarboxylic add 
(COOH oontent=64%, OH c on te n t— 11%) 



are obtained after predprration with 225 ml 60 
of a 10% HO, washing and drying. 

b) The salt of this polyhydroxycarboxyiic 
add prepared as described above forms com- 
plexes with metal ions (lg K Fe3+ =27.5, 

based on an ion strength 1=1.0 moi l" 1 : 65 
Hampshire value 111). 

Example 8 
Reaction of a polyaldehydo carboxylic acid 

P-3.2; COOH content =67%; CO con- 
tent= 14%) prepared, for example, in accord- 70 
ance with one of the methods described above, 
with formaldehyde and KOH gives a com- 
plex former in the form of the potassium 
salt of the polyhydroxycarboxyiic acid whose 
activity is shown, for example, by its com- 75 
plex formation with Cat*: lg K gUb =1.61 
(measured at an ion strength 1=0.24 moi 
I- 1 ), Hampshire value 245. 

Example 9 

a) A mixture of 430 mi of a distillate from 80 
the recovery of residual monomers (1% of 
acrolein, 7% of acrylic add, 92% of water) 
and 400 ml of 35% H 2 O s is introduced into 

a reaction vessd. 365 ml of freshly distilled 
acrolein are added dropwise with stirring over 85 
a period of 4 hours during which tim^ the 
mixture is heated in a heating bath at 60°C. 
The reaction temperature is kept at 65°C by 
gentle cooling. After the acrolein has been 
added, 3.0 g of benzoyl peroxide are added, 90 
stirring continued for another 3 hours at 
65°Q 0.04 g of MnO a added and the pro- 
duct left to cool slowly. It is then concen- 
trated to a volume of around 600 mi An 
approximately 63% concentrated poryalde- 95 
hydo carboxylic add solution is obtained 
(COOH content=68%, CO content=20%, 

P=9). 

b) A weakly alkaline polyhydroxycarboxyiic 
acid-Na solution, which can be worked up 100 
into a complex former as described above, is 
obtained by diluting the highly viscous poly* 
mer solution according to Example 9a) with 
540 ml of distilled water, mixing the solu- 
tion thus diluted with 93 ml of 40% form- 105 
aldehyde solution and slowly adding 345 

ml of 40% concentrated NaOH. Complex 
formation with Ga*+ ions as an example of 
the complex forming activity of the product 
is characterised by: lg Kq^^I.76 110 

(measured at an ion strength 1=024 moi 
I- 1 ); Hampshire value 410. 



Exa 



r le 10 

a) 326 ml of acrolein are added dropwise 
over a period of some 3 hours at upwards 
of 55°C to a stirred mixture of 376 ml of 
7% concentrated acryKc acid -f- 468 ml of 
30% H 2 0 2 in a heating bam at 60°C The 
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. fpayfmnm reaction temrtfxatnre — - 
exceeds 60°C After standing far a few hours, 
tfae excess H 2 0 2 is elhrtTimteri again with 
MnO-, after "which the pdyaldehydo car- 
5 boxylic acid can be obtained in pore form. 
296 g of product obtained, COOH con- 

tenr=77% carbonyl content=15%, P=3. 

b) Reaction of the product of Example 
10a) with alkali metal hydroxide in die pre- 

10 sence of formaldehyde, followed by neutralis- 
ation of the alkaline complex farmer solu- 
tion after the Canrtizzaro reaction with solid 
pcJyhydroxycarboxyhc add, gives an approxi- 
mately 40% aqueous complex former sohi- 

15 tion. The product forms, for example: 



30 



soluble 
Complexes 

with: Characterised by: 

20 Ca+* lg K,tab=2.06" (measured at ion 
strength 1=0.24 mol l- 1 ) 
Fe*+*lg K.t*=29.4 (measured at 
pH=11.7j based on ion strength 
1=1.0 mol I" 1 ) 
25 Mg" absence of predpitability with: 
OH~, COr~, F" 
Ba** absence of predpitability with: 

CO a --> oxalate— 
La^ absence of predpitability with: 

oxalate—, CO,—, PCV~ 
Ck*** absence of predpitability with: 

po**- 

Co*+ absence of predpitability with: 

OH~, CO,—, P(V~ 
35 Ni++ absence of predpitabOity with: 

PO^, OH-, CO a -~ 
Za*+ absence of predpitability with: 

CO," 

Cd** absence of predpitability with: 
40 oxalate--, OH-, CO,— 

TP" absence of predpitability with: 
BrO," 

Pb+* absence of predpitability with: 
SO*-"* OH- in strong alkaline 
45 solution also CO, 

Example 11 
a) 350 ml of freshly distilled acrolein are 
run with stirring over a period of 2*2 hours 
into a mixture heated to 55°C of 350 ml of 

50 distilled water and 500 ml of 30% HsO* 
The reaction temrjerature rises to 65 C, 
reaching 70°C one hour after the acrolem Iras 
been added Another 25 ml of a 30% H 2 0 2 
are then added. After another hour, the tem- 

55 peratore of the reaction mixture has risen to 
80°C The mixture is then cooled to 50°C, 
any unreacted H 2 O s left is destroyed with 
50 mg of MnO. and, after stirring for about 
1 hour at 50°C, the product is concentrated 

60 in vacuo to around half the liquid volume. A 
distillate is obtained which contains 7% of 



acrylic acid and approximately 1% of acro- 
lem in water and which can be used again 
immediately for the next batch. 10% of the 
polymer solution obtained are evaporated to 
dryness for the purpose of analysis and 
determining the yield, the rest is used for 
further reaction. A total (based on the total 
yield) of 250 g of polyaldehydo carboxyiic 
add is obtained (COOH content==72%, car- 
bonyl content==14%, P=5). 

b) 80 ml of a 40% formaldehyde solu- 
tion are added to 450 ml of the polymer 
solution thus prepared, followed by the drop- 
wise addition with stirring over a period of 
45 minutes of 211 ml of a 40% ccncentrated 
NaOH. The reaction mixture is slightly 
cooled to keep the reaction temperature below 
70°C After the NaOH has been added, the 
mixture is stirred for 1 hour until the reac- 
tion temperature has fallen to 30°C Another 
320 ml of a 40% NaOH are then slowly 
added. After standing for a few hours, the 
product is neutralised with 51 g of a poly- 
hydroxycarboxylic acid, water evaporated off 
and the residue dried. 480 g of poryhydroxy- 
carboxylic add salt are obtained (lg K Cff „.= 
134 measured at an ion strength 1=024 
mol I- 1 ; Hampshire value 320). 

Example 12 

a) 500 ml of distilled water and 250 ml of 
a 30% H 2 O a are mixed together and heated 
while stirring at 55°C A mixture of 220 ml 
of acrolein and 205 ml of acrylic add (both 
freshly distilled) is added dropwise at 
upwards of 55°C. The dropwise addition is 
over after 3.75 hours. Stirring is continued 
at 60°C for another hour at the end of which 
the temperature of the reaction mixture has 
spontaneously risen to 65°C to form a viscous 
polymer foam. The product is diluted with 
1 litre of distilled water, thoroughly stirred 
and left to react for a few hours at room 
temperatnrc. It is then diluted with another 
500 ml of distilled water, the thixotropic gel 
converted by vigorous stirring into a low vis- 
cosity liquid, excess hydrogen peroxide des- 
troyed by flying 0.25 g of active carbon 
and heating to 56°C and finally the pure 
solid polymer obtained by evaporating off 
the water followed by drying. 279 g of poly- 
aldehydo carboxyiic acid are obtained 
(COOH content 71%, carbonyl content 22%, 

¥=60). 

b) 1100 ml of a gel prepared in accord- 
ance with Example 12a) with a solids con- 
tent of 237 g are diluted with 240 ml of 
distilled water following destruction of the 
excess hydrogen peroxide, after which 107 
ml of 40% formaldehyde solution are added 
and finally 443 ml of 40% concentrated 
NaOH run in while stirring over a period 
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of some 4 hours* After standing for a few 
hours, another 20 ml of 40% c on ce nt rated 
NaOH are added, the product left standing 
for a few hours and filtered. 

5 c) 4/5 of this alkaline poryhydroxycar- 
boxylic arid~Na salt solution are neutralised 
with 8 g of solid polyhydroxycarboxylic acid 
(for example prepared in accordance with 
one of the preceding Examples), and filtered 

10 off from any undissolved components. 

A 21% solution of the rnrnpfry former is 
obtained which may either be directly used 
as in all the other Examples or from which 
the complex former can be obtained in pure 

15 solid form by evaporating off the water. (For 
example, complex stability with Gar** ions: 
lg K atnb =2.06 measured at an ion strength 
1=024 moll- 1 ; Hampshire value 377). 

Example 13 

20 a) A product obtained as in Example 14 
by the copolymmsation under oxidising con- 
ditions of acrolein with acrylic acid and 
maleic acid (mixture: 50 mol % of acrylic 
acid and 10 mol % of maleic acid relative 

25 to the quantity of acrolein; 10 mol % of 
acrolein excess relative to the quantity of 
H = 0 2 ), with an average degree of polymerisa- 
tion P=65, COOH content 70%, CO con- 
• tent 20%, obtained in a yield of approxi- 

30 mately 75% of the theoretical, is a gain sub- 
jected to the Carmizzaro reaction. 

b) 400 ml of this (approximately 40% 
concentrated) polymer solution are mixed with 
233 ml of distilled water. 440 ml of 20% 

35 concentrated NaOH are then gradually added 
dropwise with stirring, and finally the pH 
value adjusted to pH 11. After standing for 
a few hours, a pH value of 9.5 prevails in 
the reaction mixture. The mixture is then 

40 neutralised again to pH 7, immediately giv- 
ing an approximately 25% concentrated com- 
plex former solution. 

Complex forming with Ca**: Ig 1^=2.05 
(measured at ion strength 1=024 mol I- 1 ; 
45 Hampshire value 360). 

Complex formation with Fe*~: lg K,*^ 
29.0 (based on ion strength 1=1.0 mol l- 1 ). 

Example 14 
a) 700 ml of acrolein are run in dropwise 

50 with stirring over, a period of some 43 hours 
at upwards of 50°C to a soiutian of 225 g 
of maleic add anhydride in 400 ml of dis- 
tilled water +800 ml of 30% HaO- at heat- 
ing bath temperature of 60°C After stand- 

55 mg for a few hours, the product is filtered 
off from the precipitation polymer deposited, 
giving a polyaldehydo c ar boxy i ic acid with a 
COOH content of 46%, a CO content of 

43%, 7=90 (22 mol % of maleic add 
60 units). The filtrate is an aqueous solution of a 
low molecular weight polyaldehydo car- 



boxyiic add of similar structure and may be 
smrQariy used for the preparation of complex 
f ormer . 

h) 50 g of polyaldehydo carboxyKc add 65 
prepared in accordance with Example 14a) 
are suspended in 38 ml of distilled water + 
50 ml of 40% formaldehyde, 65 ml of 40% 
concentrated NaOH gradually being added 
dropwise with stirring to the resulting suspen- 70 
sion. After the alkali has been added, the 
mixture is left standing for a few hours, after 
which it is neutralised with freshly predpi- 
tated polyhydroxycarboxyiic add prepared in 
accordance with one of the preceding 75 
Examples still moist after being washed free 
from add. After me product has been filtered 
off from any undissolved components, an 
aqueous complex former solution is obtained. 
The complex former is characterised, for 80 
example, by the following: 

Complex forming with Ca*+: 
lg BI a tab : =lJ>2 (measured at ion 
strength 1=0.25 mol l" 1 ); Hampshire 
value 224. 85 

Complex forming with Fe***: 

lg K flt ab=29.6 (based on ion strength 
1=1.0 mol l- 1 ). 

Example 15 

a) 110 ml of distilled water are introduced 90 
into a reaction vessel with 270 ml of 30% 
H 2 O s and heated to 50°C with a heating 
bath (50°C). A mixture of 200 ml of freshly 
distilled acrolein and 216 ml of freshly dis- 
tilled acrylic acid is run in with continuous 95 
storing over a period of 75 minutes. The 
reaction temperature rises to 65°C, reaching 
100°C 15 minutes after the acrolein and 
acrylic add have been added, still with a 
gentle reflux. The reaction mixture is cooled 100 
to a temperature of 30°C by the addition of 
1000 ml of distilled water and external cool- 
ing, whilst any polymer flakes that have been 
precipitated under heat are -gradually redis- 
sohred. The reaction mixture is then left 105 
standing for a few hours, sohdifymg into a 
higfrly viscous shghtly opalescent solution. It 

is then diluted with 500 ml of distilled water 
and precipitated while stirring with 300 ml of 
a 20% hydrochloric add. The white cheese- 110 
Kke deposit is left to settle for approximately 
1 hour, after which it is filtered, washed free 
frmn add with distilled water and dried 
m vacuo over NaOH at a temperature of 
60°C 187 g of a polyaldehydo carboxyiic 115 
acid with an average molecular weight M= 
8100 are obtained; degree of polymerisation 
appr oximately 120; carboxyl content 69%; 
carbonyl content 26%. 

b) 166 g of the polyaldehydo carboxyiic 120 
acid obtained in Example 15a) are suspended 

in 500 ml of distilled water, after which 
800 ml of a 40% formaldehyde solution and 
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X66 ml of a 40% NaOH solution are nm m 
over a period of 40 minutes. After the dear 
pale yellow solution has been filtered off 
from a few undissolved components, it is left 
standing for a few hours and th en ne utra- 
lised by the addition of solid polyhydroxy- 
carboxyhc acid (prepared in accordance with 
Example 3) in 2 g portions. After a total of 
123 g of polyhyriroxyairrjoxylk acid has been 
dissolved, the pH vahie of the reaction solu- 
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tion reaches a level between 5 and 6. The 
solution is filtered off from the few undis- 
solved components and evaporated to dry- 

ne Drying of the solid salt in vacuo at 110°C 
gives 175 g of solid polyhydroxycarboxylic 
acid-Na salt with a complex stabffity^wrth 
Ca** ions characterised by: Ig Keub— 2.G5 
(measured at an ion strength 1=0.23 mol 
l- 1 ) and a Hampshire vahie of 500; 



with Fe~: lg K 8tab =29.1 (pH=11.5; 1=1.0 mol l" 1 ) 
with Mn": lg 1^=4.5 (pH=9.4; 1=0.1 mol I'*) 
with Ca": lg Kstnb=2.7 (pH=9.7; 1= 025 mol l- 1 ) 
with Ag* lg 1^=3.7 (pH=7.0; 1= 0.0025 mol l" 1 ). 



In the presence of the complex former 
m a concentration of 1 mol l"* 1 , the soto- 
tjQity prodnct of AgO is not exceeded, for 
example, from a 5.1fr* molar Ag* solution 
with Ct ions in concentration of up to 10^ 
mol I- 1 . Therefore, even in the most 
unfavourable case that no oversaturation 
effects should occur, no more AgO is pre- 



60 



Example 16 

a) 1529 ml of an aqueous stabiliser-free 
crude acrolein solution ( containing approxi- 
mately 25% of acrolein) are added dropwise 
with stirring at a rate of 10 ml per minute to 
660 ml of a 30% H 2 0 s heated in a beating 
bath (60°Q. Following the addition of 0.08 g 
of MnO-, the product is concentrated to 
around 1100 mL An approximately 40% con- 
centrated polyaldehydo carboxyhc aod solu- 
tion (COOH content 68%, CO content 20%, 

P==9) is obtained. 

b) 600 ml of this polymer solution are 
dilnted with 380 ml of distilled water. The 
pH value is adjusted to 12 by the addition 
with stirring of 20% concentrated NaOH (at 
a rate of 10 ml per minute). After stand- 
ing for a few hours, the solution is neutra- 
lised. The complex former thus prepared is 
characterised, for example, in its activity by 
the following (based on the pure solid pro- 
duct): 

Qmplwr forming with Ca**: 
lg K^^l.45 (measured at an ion 
stength 1=0.24 mol l" 1 ); Hampshire 
value 356> 

Cornplex formation with Fe+**: 
lg 1^=28-5 (based on ion strength 
1=1.0 mol l- 3 ). 

Example 17 
The procedure of Example 16a) using 
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hydroquinone-stabilised aqueous crudeacro- 
lein solution gives a polyaldehydo carboxyhc 
acid solution (COOH content 80%, CO con- 
tent 20%, P=18, based on the pure solid 
polymer) which after the Cannizzaro reaction 
in accordance with Example 16b) leads to 
a polyhydroxycarboxylic acid salt solution 
(COOH content 58%, OH content 7%, based 
on the pure solid polymer). The product again 
shows complex forming activity wim metal 
ions as demonstrated, for example, by the 
following (based on the activity of the pure 
solid polyhydroxycarboxylic acid-Na salt): 

Complex forming with Ca+*: 

lg IW=1.83 (measured at ion strength 
1=0.24 mol I- 1 ); Hampshire vahie 326. 

Complex forming with Fe***: 
lg K.t*b=30.2. 

Example 18 
a) A mixture of 580 ml of freshly distilled 
acrolein and 117 ml of distilled acrylic aod 
is added dropwise (at a rate of 3.0 ml per 
minute) to a stirred rnixture of 800 ml of 
30°/ H»0 2 and 400 ml of distilled water 
heated with a heating bath. On completion of 
the reaction, highly viscous approximately 
34°/ concentrated polyaldehydo carboxyhc 
acid solution is obtained (COOH content 



65 



70 



75 



80 



75%, CO content 21%, P=10, based on the 
pure solid polymer). 

b) 405 ml of 20% concentrated NaOH are 
gradually added with stirring to 500 ml of 
this polymer solution. After standing for a 
few hours, the product is precipitated with 
methanol After the deposit has been briefly 
dried m vacuo at 100°C, pure solid poty- 
hydroxycarboxylic acid-Na salt is obtained, 
its complex forming capacity being illu- 
strated, for example, by die following: 



85 



90 



95 



100 



11 



1,296,413 



11 



Complex formation with Ca**: 

lg K 8 ub=l-8 (measured, at ion strength 
1=0.24 mol l- 1 ); Hampshire value 334. 

Complex formation with Fe"+: 
5 lg ^=28.5. 

Example 19 

a) A mixture of 945 ml of distilled water, 
307 ml of freshly distilled acrolein and 168 
ml of freshly distilled acrylic acid is heated 

10 to 55°C 105 ml of a 30% 13*0, solution 
is then run in with vigorous stirring over a 
period of 1.5 hours at upwards of this tem- 
perature. The product is men diluted with 
200 ml of distilled water and the tempera- 

15 ture gradually increased to 70°C After the 
temperature of the reaction mixture has risen 
to 75°C througjh the heat of reaction, the 
product is diluted with 200 ml of distilled 
water and cooled to 50°C It is then pre- 

20 dpitated with 200 ml of a 10% HO, left 
briefly to settle and then filtered. After the 
polymer has been washed and dried, 165 g 
of polyaldehydo carboxylic add are obtained 
(COOH content 58%, carbonyi content 6%, 

25 F=110> 

b) 100 g of this polyaldehydo carboxylic 
acid are suspended in 300 ml of distilled 
water and 50 ml of a 40% HCHO solution 
added to the resulting suspension. 87 ml of a 

30 40% NaOH solution are men slowly run in 
with stirring. After 50 mrnntpg stirrings the 
reaction mixture reacts neutrally. Another 43 
ml of a 40% NaOH solution are added, and 
the product is left standing for one hour. This 

35 is followed by precipitation with 231 ml of a 
20% HQ solution. After washing and dry- 
ing, 89 g of poryhydioxycarboxyHc add are 
obtained (COOH content 73%, OH content 
8%). 

40 c) Treatment of the polyhydroxycarboxylic 
add with NaOH again gives the readily 
water-soluble salt which as a complex former 
is characterised by: lg Kq^^I.82; Hamp- 
shire value 332. 



45 Example 20 

a) 813 ml of acrolein are added dropwise 
over a period of some 4£ hoars at upwards 
of 50°C to a stirred mixture (in a heating 
bam at 60°Q of 800 ml of 30% H,0 2 and 

50 400 ml of a distillate of the kind obtained 
during recovery of residual monomers con- 
sisting of 1% acrolein, 7% of acrylic add 
and 92% of water. Tbe reaction temperature 
gradually rises to around 80°C, falling slowly 

55 again after passing this maximum. After 
standing for a few hours, the product is 
precipitated with 500 ml of 20% HQ, the 
deposit filtered off, washed and dried. A 
polyaldehydo carboxylic add with an average 



degree of polymerisation P=79, a carboxyl 60 
content of 61% and a carbonyi content of 
4% is obtained. 

b) Reaction of this product in a Cannizzaro 
reaction accornpanied by condensation with 
formaldehyde by the methods described above 65 
leads to a polyhydroxycarboxylic add with a 
carboxyl content of 64% and a hydroxy! 
content of 4%. In the form of its salts, the 
product is again suitable for use as a com- 
plex former (for example, complex formation 70 
with Ca*+: lg ^^=1.58 measured at ion 
strength 1=0.24 mol 1-*; Hampshire value 
202). 

WHAT WE CLAIM IS:— 

1. A process for the production of solid 75 
linear or cross-linked polymers containing at 
least 75 mol per cent C— C bonds in the 
main chain and composed predominantly of 
units of the general formulae: 



and 



and/or 




and optionally a number smaller than the 35 
sum of the number of units (I), (H), and 
(HI) of units of the general formula: 



""pOOA C^CU 

in which 

A represents a hydrogen atom, a monovalent 90 
metal, a valence of a polyvalent metal or 

R* and R 1 , which may be the same or dif- 
ferent, represent an alkyl group with from 
1 to 6 carbon atoms or a hydrogen atom, in 95 
addition to winch R 1 may also represent a 
halogen atom, 
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the units (I), (II), (HI) and (IV) being 
arranged in any order, the number ratio of 
carboxyl or carboxylate groups to hydioxyi 
groups being from IX to 16, and die poly- 
mers having a degree of polymerisation of at 
least 3, which process comprises subjecting 
acrolein to an oxidising polymerisation either 
alone or together with one or more co-mono- 
mers and subjecting the homo- or co-polymer 
formed to a Cannizzaro reaction with a strong 



2. A process as claimed in Claim 1, in 
which the Cannizzaro reaction is carried out 
in the presence of formaldehyde to produce 
a polymer containing units of the 
formulae: 



OfeOH 
COOA 



and 




20 in 



25 



a number smaller than the sum of the 

>er of units (I), (H)> (HI) and (IV). 
Jm A process as claimed in Claim 1 or A 
wherein die strong base is an alkali metal 
hydroxide. 

4. A process as claimed in any of Claims 
1 to 3, wherein the polymer formed contains 
up to 25 mol % of units corresponding to die 
formula: 



5. A process as claimed in any of claims 1 
to 4, wherein the acrolein is subjected to an 
oxidising polymerisation in the presence of at 
least one co-monomer which is acrylic acid, 
an alkyl acrylic acid, a halogen-substituted 
acrylic acid or an unsaturated polycarboxylic 
acid. 

6. A process as claimed in Claim 5, where- 
in the unsaturated polycarboxylic add is 
maleic add. 

7. A process as claimed in any of Claims 
1 to 6, wherein polymerisation conditions are 
selected to produce a polymer with a degree 
of polymerisation of from 3 to 5000. 

8. A process as claimed in any of Claims 
1 to 7, wherein polymerisation conditions are 
selected to produce a polymer in which the 
ratio of carboxyl or carboxylate groups to 
hydroxyl groups is from 2 to 9. 

9. A process as ^afwipd in any of Claims 
1 to 8, wherein polymerisation conditions 
are selected to produce a polymer with a 
degree of polymerisation of from 3 to 6*00. 

10. A process as claimed in any of Claims 
1 to 9, wherein R 1 and/or R a is a methyl 
group or a hydrogen atom. 

11. A process for the production of a 
polymer containing carboxyl or carboxylate 
groups and hydroxyl groups, substantially as 
hereinbefore described with reference to any 
of the Examples. 

12. A polymer when produced by a pro- 
cess as claimed in any of Claims 1 to 11. 
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